Abstract-We wanted to determine whether liver contrast-enhanced ultrasound (CEUS)-derived peak signal intensity (PSI) and peak signal intensity/time (PIT) predict liver fibrosis in chronic hepatitis C (CHC). Fortynine patients with CHC (METAVIR classification) and 10 control subjects were included in the study. After a bolus of 2.4 mL SonoVue (Bracco Imaging, Milan, Italy) solution was injected into a peripheral vein, the right lobe of the liver containing the right portal vein was scanned in a transverse section. Two-dimensional sonography was performed using the Philips iU22 ultrasound system (Philips Healthcare, Best, the Netherlands). A 1.0-5.0-MHz (C5-1) wideband convex transducer was used, applying the following settings in all cases. Regions of interest were manually drawn over the right liver lobe and over the portal vein (PV). Liver parenchyma PSI (LPpsi) and PIT (LPpit), portal vein PSI (PVpsi) and PIT (PVpit) were automatically calculated. dPSI was defined as the difference between PVpsi and LPpsi. A significant correlation was observed between PA PSI and fibrosis scores. When patients were stratified according to their LPpsi, a significant difference was achieved only between patients with fibrosis score 0-1 vs. 2-3 and 2 vs. 4. Statistically significant differences between all fibrosis scores, except 0 vs. 1 and 3 vs. 4 were observed when dPSI was used to stratify patients. Overall diagnostic accuracy of LPpsi and dPSI measurement for severe fibrosis by area under the receiving operator characteristic curve analysis was, respectively, 0.87 and 0.88. We suggest that liver CEUS perfusion could have the potential to be used as a complementary tool for the evaluation of liver fibrosis. However, further large-scale studies are required to accurately assess its accuracy in the evaluation of liver fibrosis. (E-mail: aorlacchio@uniroma2.it) Ó 2011 World Federation for Ultrasound in Medicine & Biology.
INTRODUCTION
Chronic hepatitis C (CHC) is characterized by progressive liver fibrosis, which has been shown to be a bidirectional process. A growing body of evidences from laboratory and clinical studies has shown that fibrosis is a potentially reversible process under specific therapies (Fowell and Iredale 2006) . Therefore, the need for an accurate noninvasive test to monitor liver fibrosis is essential. Noninvasive markers have been shown to be insufficiently reliable (Sebastiani et al. 2008) . Thus, liver biopsy remains currently the ''gold standard'' in the assessment of diffuse liver disease severity. However, several clinical drawbacks are associated with its use. It is an invasive procedure, and it is prone to complications, some minor such as pain, and others more severe, with a recorded risk of death of 0.01% (Cadranel et al. 2000) .
Changes in hepatic hemodynamics have been widely documented in liver fibrosis (Hirata et al. 2001 ). Contrast-enhanced ultrasonography (CEUS) perfusion imaging permits tissue hemodynamics imaging. Indeed, CEUS-derived time-acoustic intensity curves reflects the tissue-of-interest hemodynamics by measuring the changes of intensity of the harmonic frequencies versus time (Krix 2005) . The majority of the previously published CEUS studies in patients with chronic diffuse liver disease places great emphasis on the hepatic artery-tovein time-acoustic intensity curves (Staub et al. 2009; Searle et al. 2008; Ridolfi et al. 2007; Lim et al. 2005; Blomley et al. 2003; Albrecht et al. 1999; Pedersen et al. 2005) . However, there are limited data to date on liver CEUS perfusion imaging in patients with diffuse liver disease (Kaneko et al. 2005) CEUS-related perfusion parameters include time to enhancement (ET), time to peak intensity (PIT), peak signal intensity (PSI), enhancement duration (ED) and area under the curve (AUC). Of the aforementioned parameters, PIT proved to be the most reliable parameter in perfusion studies in brain tissue comparing AUC, peak intensity (Harrer et al. 2004; . Meves et al. 2002) . On the other hand, PSI has shown that there is a difference between normal liver and cirrhosis in a study performed using a first-generation ultrasound contrast medium (Kaneko et al. 2005) .
SonoVue (Bracco Imaging, Milan, Italy) is an intravascular ultrasound contrast agent that consists of stabilized microbubbles of a sulfur hexafluoride gas (Leen et al. 2002) . Experimental evidence in rats has shown that microbubble agents containing perfluorocarbon gas, such as SonoVue, enhance the healthy liver by virtue of its slow flow within the sinusoids (Kono et al. 2002) .
Based on the fact that sinusoidal volume of the hepatic parenchyma is decreased in liver fibrosis (Rockey et al. 2001) , the purpose of the present study was to correlate the liver SonoVue CEUS perfusionderived parenchyma and portal vein PSI and PIT with histology in CHC patients stratified according to their liver histological fibrosis score.
PATIENTS AND METHODS

Patients
We prospectively enrolled a sample of 49 nonconsecutive CHC patients (27 male and 22 female; mean age 68 y, range 57 to 72) presenting with different fibrosis stages. Nine patients were staged F0, 11 patients F1, 10 patients F2, 12 patients F3 and 7 patients F4. Inclusion criteria were the presence of anti-hepatitis C virus (HCV) antibodies detected by third-generation test (enzyme-linked immunosorbent assay, recombinant-based immunoblot assay; Abbott, Pomezia, Italy); detectable serum HCV-RNA; and liver biopsy findings compatible with CHC. Patients with chronic hepatitis B and autoimmune hepatitis, or any cardiac or vascular dysfunction, were excluded. Liver biopsies were performed within the prior five months before ultrasound analysis. Ten healthy volunteers that matched the enrolled patients in age and sex were taken as controls. All controls had no history of liver disease, alcoholism, blood transfusion, positive tests for anti-HCV, anti-hepatitis B virus (HBV) or anti-human immunodeficiency virus (HIV) antibodies. At the time of ultrasound analysis none, of the subjects had fever or evidence of infectious or inflammatory disorders or any other kind of malignancies. All subjects involved in the study were kept fasted for the 8 h before the CEUS examination. The study was approved by our internal committee, and all patients and controls gave written informed consent.
Histological evaluation
Liver biopsy specimens .10 mm in length were fixed in formalin, paraffin-embedded and stained with hematoxylin-eosin or picro Sirius red for collagen, and Perls' technique for iron. All biopsies were performed in the right hepatic lobe, where the sample for the CEUS acquisitions was located. For each liver biopsy specimen, histological fibrosis was scored according to the METAVIR classification (Goodman 2007) . Fibrosis was staged on a 0-4 scale: 0, no fibrosis; 1, portal fibrosis without septa; 2, few septa; 3, numerous septa without cirrhosis; 4, cirrhosis.
CEUS perfusion imaging
Two-dimensional sonography was performed using the Philips iU22 ultrasound system (Philips Healthcare) by a single radiologist with 10 years of experience in ultrasound imaging, blinded to the pathological changes of liver. A 1.0-5.0-MHz (C5-1) wideband convex transducer (Philips Healthcare) was used, applying the following settings in all cases: Mean depth 16 cm, mean angle of view 60 , mechanical index 0.08, overall gain set to obtain a complete anechoic image of the liver parenchyma for the basal phase, dynamic range set to 38. The right lobe of the liver was scanned in a transverse section containing the right portal vein. Patients were trained to perform light breathing to minimize movement artifacts. A bolus of 2.4 mL SonoVue solution (sulfur hexafluoride) was injected into a peripheral vein using a 20-gauge venous catheter. Because preliminary experiments showed no obvious difference between the injection of 5 and 2.4 mL of SonoVue, the standard dose in this study had been defined as 2.4 mL. The SonoVue injection was followed immediately by a 5-mL saline bolus to flush the injection line. During the examination, the transducer was held in a fixed position (total scan time 3 min). All examinations were stored on CD-ROM.
Liver perfusion imaging was evaluated on video. To detect the low signals from the contrast media, a standard preset on the US system was used. The standard preset used helped us study the intensity of the contrast medium excluding the contribution of the liver parenchyma basal signal. Thus, the intrapatient variability was minimized and more reproducible results were obtained.
Data processing
The time-acoustic intensity curves were analyzed automatically by the quantitative analysis software package QLAB (Philips Healthcare). A region of interest (ROI) of 600 mm 2 was manually drawn over the right 2011 liver lobe (LP), whereas a ROI of 100 mm 2 was placed over the portal vein (PV) (Fig. 1) . Attention was paid not to include vessels in the 600 mm 2 ROI. Movement artifacts were eliminated in the post-processing by deleting selected frames. A gamma variate fit (a statistical model used to normalize the dispersion of gamma values in a perfusion analysis study) of the LP and PV intensity curves was performed and both liver parenchyma and portal vein PSI and PIT were automatically calculated. PIT was defined as the time period between the initial time (contrast medium injection) and the time of signal intensity peak. dPSI was defined as the difference between the PSI of the PVand the PSI of the LP measured from the time-acoustic intensity curve. Uncompressed linear data (raw data) analysis was performed in consensus by two radiologists with, respectively, 4 and 10 years of experience in ultrasound imaging, both blinded to the pathological changes of the liver.
Statistical analysis
Data were analyzed using the nonparametric MannWhitney U test. Correlations were evaluated with the Spearman nonparametric test. A p-value , 0.05 was considered significant. Data were expressed as medians 6 the interquartile range (IQR) for each group. The diagnostic value of SonoVue CEUS liver perfusion measurement relative to histological fibrosis staging (METAVIR score, F0 to F4) was determined on the basis of assessment of sensitivity, specificity and was determined by varying the threshold values and constructing receiver operating characteristic (ROC) curves. The comparison was made to distinguish significant fibrosis (METAVIR score, F2, F3, F4) from no or mild fibrosis (METAVIR score, F0 and F1). For this comparison, examination of a biopsy specimen was considered to be the gold standard. We present area-under-the-ROC curve (AUC-ROC) as a global measure of SonoVue CEUS liver perfusion measurement accuracy. Optimal SonoVue liver perfusion measurement cutoff value for classification of the dichotomous histological outcomes was determined by maximizing the combination of sensitivity and specificity. The method of Hanley and McNeil was used for the calculation of the difference between AUCs.
Statistical analysis was performed using commercially available software (GraphPad v. 5; GraphPad Software, La Jolla, CA, USA, and MedCalc v. 11.3.3; MedCalc Software, Mariakerke, Belgium).
RESULTS
CEUS time-acoustic intensity curves of LP and PV were obtained in all patients. Analysis of the profile of the time acoustic intensity curve showed a rapid-rising slope from the time of the bolus injection to the PSI and a gradual descending slope after reaching PSI in both the LP and the PV (Fig. 2) Fig. 3 , there was no statistically significant correlation between PVpsi and the fibrosis scores (r 5 0.23, 95% CI -0.04 to 0.48, p 5 0.09). A significant correlation was observed between the LP PSI values and the fibrosis scores (r 5 -0.72, 95% CI 5 -0.84 to -0.56, p , 0.001) (Fig. 4) . At a cutoff of .16, dPSI showed a specificity of 83% and a sensitivity of 77% (Fig. 6a) . Overall diagnostic accuracy of LPpsi for severe fibrosis calculated for by AUC-ROC analysis was 0.88 (CI 0.76-0.95). At a cut-off of #31, LPpsi showed a specificity of 70% and a sensitivity of 95.5% (Fig. 6b) . No statistical significant differences were observed between dPSI and LPpsi AUCs (z statistics 0.29, p 5 0.82) (Fig. 7) .
DISCUSSION
CEUS perfusion, evaluating the blood flow per tissue and time unit including capillary flow, is an important functional tool for the evaluation of tissue pathological processes (Weber et al. 2007 ). Kaneko et al. (2005) showed a significant negative relationship between the gray-scale intensity of nontumorous areas of liver parenchyma in normal liver tissue versus cirrhosis and in chronic hepatitis versus cirrhosis. They demonstrated a significant difference between a normal and cirrhotic liver. However, they did not stratify the patients according to their liver disease severity (Kaneko et al. 2005) . Here, we correlated the liver CEUS perfusion derived parenchyma and PV PSI and PIT with histology in CHC patients stratified according to their liver histological fibrosis score. In accordance with previously published data by Li et al. (2006) , our data showed that PV PSI was constantly higher than LP PSI values in all fibrosis stages. In our study, we found no correlation between PV PSI values and fibrosis scores. On the contrary, we found that LP PSI decreased progressively with disease severity as determined by the histopathologic fibrosis scores. When patients were stratified according to their LP PSI , a significant difference was achieved between patients with fibrosis score 0-1 vs. patients with fibrosis score 2-3 and 2 vs. 4. When patients were stratified according to their difference between their PV and their LP PSI , i.e., to their dPSI, a significant difference was observed between fibrosis score 1 vs. 2 and 2 vs. 3. No differences were observed between control subjects and patients with fibrosis score 0 or 1 and between fibrosis 3 and 4 in any case. Overall diagnostic accuracy of LP PSI and dPSI measurement for severe fibrosis measured by AUCs using ROC analysis were, respectively, 0.87 and 0.88.
Our data are in accordance with Zhang and Cao (2007) , who evaluated a new self-made contrast agent in a rabbit liver fibrosis model. In our study, we used SonoVue, a second-generation ultrasound contrast agent. SonoVue is an intravascular agent (Leen et al. 2002) and the mechanism underlying liver parenchymal enhancement remains unknown (Leen et al. 2006) . It has been suggested that the persistence of the agent within the healthy liver may be a result of the very slow flow within the sinusoids (Leen et al. 2006) . Indeed, experimental evidence in rats has shown that microbubble agents containing perfluorocarbon gas enhance the healthy liver by virtue of the slow flow within the sinusoids (Kono et al. 2002) . Because hepatic fibrosis decreases the sinusoidal volume of the hepatic parenchyma (Rockey 2001) , the anatomical changes of the sinusoids occurring in a fibrotic liver could be considered as a possible explanation for the decrease in LP PSI and in PV PSI always being constantly higher as observed in our study.
There were some limitations in the present study. First, the study population was relatively small and this is a preliminary study that needs further experiences. Also, we have not evaluated the inter-and intraobserver agreement of the method described, which are necessary to use the method to follow individual patients. Similarly, technique reproducibility was not evaluated. Additional studies with larger cohorts of patients are required to further establish interobserver variability and to assess intraobserver variability and reproducibility of the method.
In conclusion, we suggest that liver CEUS perfusion imaging could have the potential to be used as a complementary tool for the evaluation of liver fibrosis. However, further larger-scale studies are required to assess the real boundaries of accuracy of the test. If our results will be confirmed, CEUS will be an easy and valuable noninvasive method for diagnosis and assessment of liver fibrosis. 
